Abstract: Proper selection of machines and equipment used in underground coal mining significantly influence the increase of their durability and reliability. The paper describes new, created in Poland devices to determine and evaluate the mechanical properties of the carbon (workability) whose co-founder is the author of this paper. These devices reflect the nature of the work of a plough and drum cutter-loader. It is presented their construction, operating principles as well as innovation and originality of used solutions. The devices are certified by enabling them to work in conditions of real mines, as a device intended for use in potentially explosive atmospheres. These devices have been awarded medals and diplomas at many International Fairs and Technological Innovation Exhibitions.
Introduction


Workability in the broad sense can be defined as interactions between the worked material and the working machine (tool). In its essence, it is resistance of the worked (fragmented) material against the working machine. For this reason, workability is included into mechanical properties of a mined useful mineral (hard coal, brown coal, rock).
It is practically impossible to define workability in a clear-cut way due to the fact that it is influenced by a very large number of factors-among others by the manner of mining.
In each of the above mentioned mining processes an important role is played by the applied technological process. Correlations between these processes are very loose, so the results obtained in one mining process cannot be approximated for another one.
In Polish hard coal mining the exploitation of coal beds takes places mainly in longwall systems, by means of mining machines the work of which is based on cutting. For this reason, one of important areas of a mining plant's activity is proper selection and use of equipment necessary to ensure the continuity of the mining process. Such activity should among others involve control over the rational and effective operation of equipment in the exploitation process.
Hence, a crucial element to be taken into consideration when designing and constructing the mining equipment is experimental research that reproduces the nature of a machine's work. The aim of such tests is to get to know the highest possible number of parameters and their influence on the work of a machine (its elements), which in turn affect the durability, reliability and effectiveness of mining in difficult, specific geological and mining conditions. The further part of the article has been devoted to a description of two instruments constructed in Poland in the years 2011-2012. These instruments reproduce the character of work performed by a plow (GIG) and a cutter-loader ((POU-BW/01-WAP). The author of the article was a member of the team developing the concept, the principles of operation and the solutions applied in these devices.
Selected Methods of Coal and Rock Workability Measurement
The importance of such issues as the measurement and evaluation of coal (rock) workability is confirmed by the number of methods and manners of measurement, which have been developed in various centres around the world.
Workability measurements were taken mainly for the needs of coal (underground) mining.
Among the methods of coal (rock) workability evaluation one can distinguish four basic groups, namely [1]:
I. laboratory methods, II. recording of drilling resistance, III. measurements of grindability, IV. measurement of the forces of cutting with a single knife or a group of knives.
The first three methods are burdened with a considerable error, resulting mainly from the fact that the character of the mining machine has not been reproduced.
The fourth group includes methods in which instruments (devices) reproducing the real or similar character of a mining machine's work have been applied. Moreover, in this group of instruments we can distinguish the ones which reproduce the character of work performed by cutter-loaders or plows.
Devices whose work reproduces the character of plow's work include among others:
 ZP-1 (Czech Republic),  DMT (Germany). In Czech Republic the workability index B is defined as the ratio of average cutting force (F śr ) on a measuring knife to the depth of the cut (g).
The DMT device is extensively applied for determining the conditions of a plow's work-proper location. Measurement consists in recording the cutting force when making a measurement cut having a depth of 2 cm, by means of a standard knife placed on the measurement head. As opposed to research conducted in Poland, in coal beds classification only the averaged value of the force (F S ) acting on the measurement knife is taken into consideration, as the depth of the cut is assumed to be a constant value [7] . On the basis of the adopted methodology and conducted investigations, a classification which divides coal beds into four groups has been developed ( Table 1) .
On the other hand, devices whose character of work reflects the character of work performed by a cutter-loader include such instruments as:
In these devices the workability index A is defined as a ratio of average cutting force (F śr ) on the measuring knife to the depth of the cut (g).
Moreover, in Poland another workability index-A ψ has been introduced; it takes into consideration the side-crumble angle ψ and is equal to the equation as follow [1, 2]:
b is the width of the cutting tool edge. The conducted research and the obtained results allowed modifying the classification of Polish coals into three categories, depending on the side-crumble angle ψ and the value of workability index A (Table 2) ; these values are closely correlated with each other [2, 3] .
Moreover, the above mentioned instruments enable taking measurements not only in laboratory conditions, but also under "in situ" conditions. Investigations carried out in underground conditions reflect the state of stress and deformation which occurs in real geological and mining conditions.
Another noteworthy research was conducted at the Technical University in Istanbul, which has a positive recommendation of the International Rock Mechanics Association as a standard for laboratory measurement of workability. Workability in this research is described by means of SE index, which is calculated as a ratio of the force acting on the cutting knife over the length of the cut (FN) to the volume of broken rock (Q) [4] .
The index value exerts a considerable influence on the power, efficiency as well as durability of mining machines. It can be then concluded that this parameter has a decisive impact on the durability, installed power and dimensions of a mining machine and, in consequence, influences the costs of purchase and exploitation.
For this reason, coal workability measurement enables an optimal selection of mining machines' parameters and can be one of decisive factors making it possible to evaluate the effective exploitation of a particular plot or coal bed. This problem concerns coal mining by means of both a cutter-loader and a plow.
New Tools for Determining the Workability Index
Instrument Reproducing the Work of a Plow
The device for measuring the cutting forces, which reproduces the character of a plow's work, was constructed in GIG (Central Mining Institute) in Katowice [5, 6] . It allows a uniform and stable feed-in of the measuring knife to the coal solid, ensures high accuracy of coal solid preparation over a maximum length of 1 m, guarantees high precision of performing the measurement cuts in it and enables accurate measurements of parameters necessary to determine the rock cutting index. The device allows cuts to be made with two turns-a measurement of coal resistance to cutting in coal beds having the thickness of 0.6-2.0 m, making a minimum of 10 measuring cuts with one mounting of the device at one height, without a necessity to move it, which conditions the precision of measurements. The device is easy to install and operate, which translates into low maintenance costs.
The device for determining the coal cutting index consists of four elements ( Fig. 1): (1) guide 1 fixed to hydraulic props 2, (2) carriage 3 driven by hydraulic motor 4, (3) chain wheel 5 and chain 9, (4) feed-in assembly 6. Guide 1 with carriage 3 equipped with a holder for mounting a levelling knife (head) 7 or a cutting-measuring knife 8, driven by hydraulic motor 4, is fixed to hydraulic props 2 (Fig. 1) . The drive is transmitted by means of chain 9, fastened on chain ge is fixed to ne of possible ocated on the s position is at the place ible to mount eft/right and the beam and sitioned, it is ces by means 3). The knob as well as its ts the support ns a shift by 1 m, the end of knife (Fig. 4) . rds the mined en assembled, 
